Both retrolental fibroplasia and cerebral diplegia are known to occur more frequently in infants born prematurely than in those born at term, and the chance association of the two conditions might therefore be expected in a small number of premature infants. In the course of two contemporary investigations, the first a survey of the occurrence of retrolental fibroplasia in the City of Edinburgh during the five years 1948-1952 (J.D.K.) , the second a survey of the aetiology and incidence of cerebral palsy in the same city (T.T.S.I.), the two conditions were found in association in six instances. From a consideration of the case incidence of the two diseases, it appeared that the association was more frequent than would be expected by chance, and that there were probably aetiological factors other than prematurity common to both retrolental fibroplasia and cerebral diplegia. In the present study the common factors thought to lead to the association of the two diseases are considered.
Scope and Methods of the Survey of Retrolental
Fibroplasia This survey was confined to the study of surviving prematurely born children delivered and resident in the City of Edinburgh, though a number of children born outside the City were also examined.
During 1952 health visitors of the local health authority saw all surviving children with birth weights of 5j lb. or less. A questionnaire giving details of the ante-natal, natal and post-natal history was completed for each child. Any baby showing visual or other physical defect was routinely examined at a special clinic. In addition, all babies born during 1952 with birth weights of 4 lb. or less were examined routinely at monthly intervals until the age of 6 months. Each examination consisted of weighing, measuring, physical assessment and inspection of the babies' fundi by a consultant ophthalmologist.
If any ocular abnormality was discovered the infant's eyes were re-examined under general anaesthesia and the infant followed up more frequently. The infants who had fully developed retrolental fibroplasia before 1952 were examined in a similar manner on one or more occasions, as indicated.
Twenty-one cases of retrolental fibroplasia were discovered and six of these showed associated cerebral diplegia. One of the six infants was born outside Edinburgh although domiciled in the City.
Scope and Methods of the Cerebral Palsy
Survey The cerebral palsy survey includes all children resident in Edinburgh born between 1938 and 1952 inclusive. Owing to the conditions of the survey the examination of only very limited population samples was possible. For the most part ascertainment was through hospitals, clinics, schools and nurseries to which the children had been referred. Since a number of cases of diplegia are not referred to clinics until they are over 2 years of age, it is probable that a number born since 1950 have been missed. Since the screening of children born prematurely was so thorough during the retrolental fibroplasia survey it is more likely that diplegic cases born at term have been missed than those born prematurely.
All children in whom there was the least suspicion of cerebral palsy were submitted to routine neurological examination. Sixty-two cases of cerebral palsy born in the years and resident in Edinburgh were discovered and of these 29 cases showed cerebral diplegia. Cerebral diplegia is considered as a condition of more or less symmetrical spastic or rigid paralysis dating from birth or shortly after and more marked in the lower than in the upper limbs. It In Case 5 lethargy and extreme backwardness were the presenting symptoms. In this patient the mother suspected blindness only at the age of 6 months. Only in Case 1 was specific complaint made by the mother of any abnormality in the limbs. In all the others they complained of backwardness, blindness or both. In Cases 1 and 5 the mothers had noted that the child became stiff on handling. In each case the onset of stiffness was sudden and resulted in transient opisthotonic attitudes being assumed for a few seconds, without impairment of consciousness. The attacks occurred for a period of three months in Case 1 and persisted until after the age of 2 years in Case 5.
Two of the children with partial vision had been observed by their mothers to look sideways at objects from the age of a few months. On examination useful vision was considered to be present in three of the six cases. Two of these (Cases 3 and 4) appeared to have intelligence within the normal limits, but in the remaining cases intelligence was thought to be impaired. The degree of impairment was assessed as moderate in Case 6, considerable in Cases 1 and 2 and very severe in Case 5.
It is interesting to observe that the severity of the diplegia, the extent of the retrolental fibroplasia and the degree of impairment of mentality are roughly parallel in the six cases. Thus Case 5, with contractures of all four limbs and great rigidity, was classified as a severe diplegic. He was completely blind and grossly mentally defective. Cases 1 and 2 showed tetraplegic involvement with early contractures, but there was much less severe involvement in the arms than in the legs and in each case some sparing of one arm was evident. In Cases 3, 4 and 6 both arms were considered to be functionally useful. In Cases 3 and 6 the legs were only moderately affected and both walked before the age of 2 years.
Two cases had epilepsy. Case 2 had her first fit at the age of 35 months and in spite of anti-epileptic drugs, generalized convulsions with loss of consciousness have occurred, on an average, twice every three months. Case 4 had three generalized fits, with loss of consciousness, between the age of 23 and 26 weeks, but these ceased with the administration of phenobarbitone.
Three of the six children (Cases 1, 2 and 5) had no useful vision due to the presence of bilateral retrolental membranes. Cases 3 and 6 showed unilateral retinal folds which were not considered to be congenital in origin, and Case 4 showed a unilateral membrane although in each case the opposite eye appeared normal. All three cases were thought to have vision adequate for education by visual means. Table 3 the possible aetiological factors in groups of cases of diplegia, retrolental fibroplasia and of cases showing both disorders are compared with groups of infants showing neither disorder but born prematurely. Table 3 includes only those children born in Edinburgh.
Study of the Aetiological Factors In
Maternal Age and General Health Maternal ages were not dissimilar in the groups of prematurely born abnormal cases, but there was a larger proportion of mothers over the age of 35 years in the cases of full-term diplegic patients. In this latter group, two mothers had failing periods for some months before the conception of the affected child. Two mothers, one in the full-term diplegic group and the other in the group of prematurely born diplegic cases, had ovariectomies performed before conception occurred.
Abnormalities of Pregnancy and Delivery
With the small numbers of cases in each group it is impossible to draw statistical conclusions regarding the relative importance of the various abnormalities of pregnancy and delivery.
The incidence of abnormal pregnancy was high in all groups. In the cases showing retrolental fibroplasia associated with diplegia no normal pregnancies occurred. The commonest single abnormality of pregnancy in the prematurely born cases of diplegia and retrolental fibroplasia, as with those showing both disorders, was ante-partum haemorrhage. There was no obvious association between a particular type of labour and the occurrence of the two conditions. The state of the child immediately after birth was poor in all five of the cases showing both disorders and in approximately one-third of the group of normal premature infants.
Whereas all five of the infants showing cerebral diplegia and retrolental fibroplasia required oxygen for prolonged periods, as did those with retrolental fibroplasia alone, the necessity for oxygen was less marked in the normal premature group and in the infants suffering from diplegia only.
In a large proportion of the group with retrolental fibroplasia, and in three of the five showing both disorders, lung expansion was very poor for at least one week after delivery. (Griffiths, 1951; Chace, Merritt and Bellows, 1950 ) though occasional cases have been encountered (King, 1950; Cole, 1950) . In a series of 238 cases of retrolental fibroplasia all weighed less than 5 lb. and 84% weighed less than 4 lb. and 10% had a birth weight between 3 and 4 lb. (King, 1950;  Unsworth, 1951). It has been suggested that, irrespective of birth weight, the crucial time for the development of retrolental fibroplasia is when the infant weighs between 3 and 4 lb. RETROLENTAL FIBROPLASIA AND CEREBRAL DIPLEGIA The connexion between diplegia and prematurity is generally agreed to be less close than that between prematurity and retrolental fibroplasia. That premature birth is important in the aetiology of diplegia has been recognized for many years and at one time was considered the most important known cause of the condition (Little, 1862; Brissaud, 1894 ). Little appears to have been the first author to have recognized the significance of prematurity in the aetiology of diplegia. He did not regard it as the only cause of the condition and noted the importance of other forms of abnormal parturition. He thought the occurrence of abnormal positions of the child, difficult delivery of the child on account of rigidity of the maternal soft parts, versions, and torsions of the cord were also important in the aetiology of his cases. He believed that they caused damage to the nervous system because they resulted in neonatal asphyxia and consequent intracranial haemorrhages.
A number of surveys of large series of cases of diplegia were published towards the end of the last century and the aetiology of the condition was more systematically studied. It became increasingly apparent that the causes of diplegia were multiple in many cases, and that prematurity itself could not be regarded as directly causal.
Great efforts were made to assess the relative importance of hereditary taints, Little's factors and maternal and extra-uterine abnormalities in the aetiology of the various types of diplegia (Freud, 1893 (Freud, , 1897 Ganghofner, 1895) . Recent surveys have continued to show a high incidence of prematurity in patients with diplegia (Evans, 1948; Asher and Schonell, 1950; Pohl, 1950; Hellebrandt, 1951) . Nevertheless the recent trend has been to consider prematurity of importance chiefly in predisposing to asphyxial states in the newborn (Cole, Kimball and Daniels, 1939; Macgregor, 1943; Evans and Smith, 1946) . In general more stress is now laid on the importance of anoxic states in the premature infant than on prematurity itself as a cause of diplegia (Wilson, 1940; Ford, 1952) .
Genetic and Developmental Abnormalities. The idea, first discussed by Freud, that underlying disturbances of the relationship between mother and foetus might result in disturbances of pregnancy and delivery and abnormalities in the foetus has received more recent support. It has been suggested that most cases of diplegia are due to primary neuronal degeneration occurring during pre-natal or post-natal life. Abnormalities of pregnancy or delivery or the presence of asphyxia are regarded as merely coincidental manifestations of the underlying disturbances of the relationship between mother and foetus. They are not thought to be of direct importance as causes of diplegia (Collier, 1899 (Collier, , 1924 .
Recent pathological studies have tended to confirm that primary neuronal degeneration is important as a cause of diplegia in a proportion of cases. But it has been pointed out that the types of cerebral lesions are too diverse to be due to any single cause and that multiple aetiological factors must be postulated. The significance of the finding of neuronal degeneration and to what extent it may be accepted as being primary are also matters for discussion (Patten, 1931; Stewart, 1942) .
The theory that genetic factors might be important in the aetiology of diplegia in some patients receives support from the results of a study of 66 mentally defective diplegic patients. It has been suggested that there might be some relationship between genetic factors producing diplegia and some types of mental deficiency (Penrose, 1938) .
A syndrome of congenital encephalo-ophthalmic dysplasia has been described. In its fully developed form it consists of various abnormalities of the eye, including retrolental fibroplasia, malformation of the cerebrum and single or multiple cutaneous haemangiomas. Isolated manifestations of the syndrome are commoner than the fully developed form. Thus abnormality of the cerebrum or haemangiomas may be lacking in cases showing ocular lesions, or ocular lesions absent in those showing cerebral damage. The cause of the condition is considered to be foetal anoxia and the resulting manifestations depend on the state of foetal development when the anoxic insult occurred. In fact, the descriptions of the condition appears to imply only that foetal anoxia is capable of producing cutaneous haemangiomas, cerebral disorder and ocular abnormalities, either alone or in combination (Krause, 1946; Ingalls, 1948) .
Some observers think that retrolental fibroplasia is a form of retinopathy resulting from anoxia. Changes in other tissues, similar to those occurring in the eyes, have been observed. These affect the brain most frequently, and, depending on the stage of cerebral development at the time of the anoxic insult, the infant may or may not show cerebral palsy and mental retardation (Szewczyk, 1952 Anoxia. In the survey of retrolental fibroplasia it was found that the presence of anoxia was prominent in the pre-natal and neonatal periods of the cases that developed the condition. After analysing all the factors which might have produced an anoxic state in the foetus or newborn, it was found that the affected babies had received, on an average, almost twice the number of anoxic insults as had the infants who showed no signs of the condition. If anoxia was a factor in the production of retrolental fibroplasia, it would be expected that the affected infants might show features other than the eye condition (Szewczyk, 1952) . Apart from the cases showing cerebral diplegia four infants suffering from retrolental fibroplasia were considered to be subnormal mentally compared with 16 of the 224 infants born prematurely and showing no ocular abnormality.
Of necessity, the place of anoxia in the aetiology has been mentioned repeatedly in discussing other possible causal factors. The relative frequency with which prematurely born infants develop diplegia has been explained as being a result of the greater incidence of pre-natal or neonatal anoxia in this group than amongst those born at term. Moreover, the premature infant, though probably less likely to die, is more likely to suffer cerebral injury from a given anoxic insult than an infant born at term. It might be expected, therefore, that a larger proportion of premature infants than of infants born at term might survive to show cerebral lesions which were the results of anoxia (Gruenwalk, 1953) .
In view of the above it is interesting to observe the much higher incidence of anoxic insults in the retrolental fibroplasia and premature diplegic groups than in the full-term diplegic infants or those prematurely born showing neither disorder.
Oxygen. It is not proposed to discuss fully the part played by oxygen therapy in the production of retrolental fibroplasia, a subject recently reviewed by Ashton, Ward and Serpell (1953) .
One possible explanation of the relationship between retrolental fibroplasia and oxygen therapy may be related to certain similarities between the adult with cor pulmonale, the result of longcontinued pulmonary disease, and the premature infant with much pulmonary atelectasis. In both cases there is inadequate respiratory exchange, a relatively high blood carbon dioxide content, a raised alkali reserve and a tendency for respiratory activity to be stimulated to a greater extent by oxygen lack than by carbon dioxide excess (Meakins and Davies, 1925; Windle, 1940; Smith, 1951) .
The accumulation of carbon dioxide in the blood and tissues, well above physiological levels, which may be precipitated by oxygen therapy in adult patients with cor pulmonale may result in drowsiness, cerebral vasodilatation, an increase of cerebrospinal fluid pressure and papilloedema (Beaumont and Hearn, 1948; Davies and Mackinnon, 1949) . Having been greatly interested in these manifestations which were observed in detail in seven patients with cor pulmonale it seemed possible to us that a somewhat similar series of events occurred in premature infants with much pulmonary atelectasis when treated with oxygen. Marked drowsiness, dilatation of the retinal vessels, most markedly the veins, and apparently moist, glistening fundi were frequently observed in such infants within 24 hours of their receiving continuous oxygen, and persisted for a week or longer in a number of cases. In these circumstances failure to absorb the retinal exudate, if this is the cause of the glistening retina, might be expected to result in its organization and invasion by fibrous tissue. To find if such a series of events actually occurs obviously requires much more research, and clearly does not rule out of consideration the possibility of other infective or congenital factors being present.
The six infants under review received oxygen for an average of seven to 10 days longer than the premature infants not affected by retrolental fibroplasia. No convincing evidence has been discovered, however, to suggest that oxygen therapy is an aetiological factor in the causation of cerebral diplegia, and for this reason oxygen therapy per se (as distinct from the anoxia or atelectasis rendering its use necessary) is not stressed as a common factor in the association of retrolental fibroplasia and cerebral diplegia.
Summary and Conclusions Six cases have been described in which retrolental fibroplasia and cerebral diplegia occurred in association.
While both conditions are liable to occur in premature infants, it appeared probable that the frequency of the association was greater than was accounted for by chance, and that in addition to prematurity other common aetiological factors were operative.
Possible aetiological factors have been discussed. These factors, which were frequently multiple, included abnormal pregnancy, abnormal delivery, and post-natal asphyxia.
Prolonged oxygen therapy had been given to each of the six cases under review, but whereas there is clinical and experimental evidence that oxygen therapy may be closely related to the incidence of retrolental fibroplasia, the same does not apply to cerebral diplegia.
It is suggested that anoxia in the pre-natal, natal and post-natal periods, resulting from the abnormalities described, is important in determining the association of retrolental fibroplasia and cerebral diplegia in a proportion of prematurely born infants.
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